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measured with a Micromeritics ASAP 3020 analyser at 77 K. Prior to the measurements, the samples were degassed at 120 o C for 12 h. The specific surface areas (S BET ) were calculated by the Brunauer-Emmett-Teller (BET) method using adsorption data in a relative pressure range from 0.02 to 0.20. The total pore volumes (V t ) were estimated on the basis of the adsorbed amount at a relative pressure of 0.985. The pore size distributions (PSD) was calculated from adsorption data of isotherms using the Barett-Joyner-Halenda (BJH) model. Surface chemistry of samples was investigated using an ESCALAB 250 instrument with Al Kα X-rays (1486.6 eV). Elementary analysis was done using a Yanaco MT-5 CHN analyzer. 13 C NMR experiments were performed on Agilent 600 DD2 spectrometre at a resonance frequency of 150.15 MHz. 13 C NMR spectra were recorded with spinning rate of 15 kHz with a 4 mm probe at room temperature. The attenuated total reflectance IR (ATR-IR) experiments were performed on a Thermo Scientific Nicolet IS 10 at a resolution of 4 cm -1 over 128 scans. The temperature programmed oxidation (TPO) tests were carried out by a thermogravimetric analyzer (Netzsch 449 F3). About 5 mg of the sample was placed in a corundum crucible. The sample were heated from 35 to 900 o C at a rate of 10 o C·min −1 under a gas flow of 50 ml·min −1 comprising 10 vol% O 2 in Ar.
Catalytic reaction
Typically, ethylbenzene (1.5 mmol), catalyst (0.010 g), TBHP (4.5 mmol, 65 wt% in water), anisole (110 uL) as internal standard and acetonitrile (2 mL) were added into a 70 mL glass reactor sealed with Teflon lid (Beijing Synthware Glass, Inc. Pressure Vessel, Heavy Wall). The reaction mixture was heated to 80 o C in an oil bath and stirred for 12 h. After that, the reaction vessel was took out from oil bath and cooled down. Gas chromatography (GC) analysis was performed on an Agilent GC equipped with a 30 m*0.25 mm*0.25 μm HP-5 capillary column and a flame ionization detector.
The corresponding calculation: 1) Con (EB)=(n o(EB) -n t(EB) )/n o(EB) *100% 2) Sel (product i)=n t(i) /(n o(EB) -n t(EB) )*100% In the selective oxidation of EB with GNMC as a catalyst, TBHP is an oxidant. The incorporated nitrogen (graphitic-type nitrogen) is pivotal for the C-H bond oxidation. As the results of various characterizations, such as the electronic partial density of states (PDOS), the charge of N and C, and the X-ray absorption spectroscopy (XAS) [4] , the nitrogen dopant do not participant in the reaction process, but it changes the electronic structure of the adjacent carbon atoms and promotes their reactivity. The real active site is the peroxide group generated on carbon atom adjacent to graphitic nitrogen. Therefore, only carbon atoms adjacent to graphitic nitrogen could effectively activate TBHP to form the active oxygen groups which convert EB to AcPO. With the decomposition of TBHP, the conversion of EB also increase. However, if the decomposition rate of TBHP is too high, no enough EB adsorbed on the surface of GNMC will result in slow increase of EB conversion rate. Besides, we also observe that the decomposition rate of TBHP on NCNT catalyst is higher than that on GNMC catalyst (3986 vs 3311 mmol·g -1 ·h -1 ), however, the conversion rate of EB on NCNT is lower than that on GNMC (759 vs 1022 mmol·g -1 ·h -1 ), which also suggests that adequate TBHP decomposition rate is necessary to efficiently convert EB to AcPO. The lowest energy (398.2 eV) contribution of the N1s spectrum is attributed to nitrogen atoms bonded with the graphitic carbon atoms which is similar with pyridinic nitrogen, while the highest energy contribution at 400.4 eV is assigned to N atoms trigonally bonded to all sp 2 carbons [5, 6] .
